Gastritis was induced in mice by oral administration of acetic acid 5%, a cugA positive Helicobucterpylori strain, or both. The induction of a mild gastritis by acetic acid before inoculation with H. pylori resulted in a slight but not significantly decreased colonisation rate. To study the initial stage of inflammation, the presence of gastric lymphoid and non-lymphoid cells was studied by immunohistochemistry during the first 2 weeks after induction of gastritis. Treatment with acetic acid alone or in combination with H. pylori resulted in an increase in the number of neutrophils in the mucosa and submucosa, without evident epithelial damage. The influx of neutrophils was most prominent in the mice that received a combined treatment of acetic acid and H. pylori. Macrophages were also increased in both acetic acid and acetic acid plus H. pylori-treated groups, although a different kinetic pattern was present in these groups. In mice infected with H. pylori alone, only a slight but not significant increase in neutrophils and macrophages was observed. The early presence of lymphoid aggregates in the gastric mucosa of mice in which colonisation was shown with H. pylori was remarkable. This phenomenon was not seen in control mice, in mice that received acetic acid alone or when colonisation was not shown. These data suggest that gastritis induced by a chemical agent such as acetic acid occurs by a different mechanism than gastritis induced by H. pylori and that the continued presence of H. pylori is required for local lymphocyte activation.
Introduction
Helicobacter pylori is now accepted to be the causative agent of gastritis and peptic ulcer disease. It is a spiralshaped, flagellate, gram-negative bacterium that is uniquely adapted to survive in the gastric environment of man. It is not invasive but colonises the mucus layer [l] . A potent urease enzyme, flagella and adhesin proteins have been shown to be important virulence factors [2-51. Prolonged colonisation with H. pylori induces a chronic inflammatory response, which is characterised by an increase in the number of lymphocytes, plasma cells and polymorphonuclear granulocytes in the lamina propria [6] . Nevertheless, the infection is not limited by this response and this ongoing state of immune activation may lead to atrophic mucosa and intestinal metaplasia. Eventually this can result in the formation of gastric and duodenal ulcers and even in gastric carcinoma [7] .
The pattern of disease and its severity seem to be correlated with bacterial genotype. Strains that express a cytotoxin-associated gene (cagA), combined with a cytotoxin which is regulated by the cytotoxin gene (vacA) are more often detected in patients with duodenal ulcer disease than in patients with other types of gastric dyspepsia [8] .
Several experimental animal models have been described for the study of the pathogenesis of gastric inflammation after infection with H. pylori, or for investigation of the virulence factors described above. In some of these studies, species related to H. pylori, such as H. felis and H. mustelae, have been used [9-121, but Just as in animal models, so in human disease only limited data are available on the acute phase of H. pylori infection. In human subjects, only two cases of acute gastritis have been described. Two healthy volunteers who ingested a H. pylori culture developed acute symptoms of abdominal disorder and, histologically, an increase in the number of polymorphonuclear granulocytes was found in the lamina propria of gastric tissue [16, 171. There are data to indicate that the state or condition of the gastric mucosa is important for the outcome of H. pylori infection. Enhanced colonisation with H. pylori was described in the case of pre-existent indomethacin-induced ulcers in gerbils [18] . It has also been shown that in patients who take non-steroidal antiinflammatory drugs, mucosal ulceration is more likely to develop when H. pylori is present [19] . To take these data into account, three different approaches were used to compare the involvement of immunologically active cells in a non-specific acute gastritis with their role in a specific H. pylori gastritis. Gastric inflammation in immunocompetent mice was studied after oral administration of either acetic acid or H. pylori, to determine the initial events in chemically and H. pylori-induced gastritis. A combined treatment of acetic acid and H. pylori was given to determine whether a pre-existing gastritis influenced the course of H. pylori infection.
Materials and methods

Animals
Female 6-9-week-old Swiss (SPF) mice (Harlan CPB, Zeist, The Netherlands) were housed in conventional conditions in our animal facilities. The mice had free access to commercial food and water.
H. pylori strain
H. pylori strain 3B3 was isolated in this department from the oral cavity of a patient with gastritis [20] and identified by Gram's stain, positive oxidase, catalase and urease reactions, and 16s RNA PCR analysis. DNA of strain 3B3 was isolated [21] and PCR analysis [22] showed that this strain was cagA positive.
H. pylori was grown in Brucella Broth (Difco, Detroit, USA) supplemented with fetal calf serum (Gibco BRL, Grand Island, NY, USA) 5% at 37°C in microaerobic conditions and with agitation. After 2 days the bacteria were harvested by centrifugation (1 0 min, 1500 g), washed in sterile phosphate-buffered saline (PBS) and suspended in PBS at a concentration of 5 x lo9 cfu/ml.
Experirn en ta 1 design
The protocol described below was approved by the animal care committee of the Vrije Universiteit of Amsterdam. The mice were divided into four groups and were fasted overnight before treatment. In group 1 (n = 15) gastritis was induced chemically on day 1 by oral administration of 0.2 ml of acetic acid 5% (pH 2) with a feeding needle. On days 2 and 4 the mice received 0.2 ml of PBS. Group 2 (n = 30) received 0.2 ml of acetic acid 5% on day 1 and 0.2 ml of H. pylori suspension (1 X 10' cfu) on days 2 and 4. Group 3 (n = 18) received no acetic acid, but received 0.2 ml of PBS on day 1 and 0.2 ml of H. pylori suspension on days 2 and 4. Group 4 (n = 12) consisted of untreated healthy mice as controls. After fasting overnight mice were killed on day 5, 8 or 12 by cervical dislocation under ether anaesthesia. The number of mice that were killed at each time point in groups 1, 2 and 3 was 5, 10 and 6, respectively. The stomachs were removed and inspected for macroscopic lesions. One half of the stomach was streaked on freshly prepared Dent plates [23] for culture, the other half was frozen immediately in liquid nitrogen for immunohistochemistry. Cultures were incubated micro-aerobically for 5 days. H. pylori colonies were identified by Gram's stain and by positive urease, oxidase and catalase reactions. If any H. pylori colonies were detected in culture, the mice were defined as positive, regardless of the number of colonies present. The stomachs of the control mice in group 4 were used for immunohistochemistry only.
Imm un oh is t o ch em is try
Cryostat sections (8 pm) were picked up on slides and air-dried. After fixation for 10 min in pure acetone, a two-step immunoperoxidase method was used. Slides were incubated horizontally for 60 min at room temperature with a solution of the first step monoclonal antibody (MAb; 10-20 pg/ml) in 0.01 M PBS (pH 7.4), with bovine serum albumin (BSA) 0.5%. The slides were washed three times in PBS and then incubated with the appropriate peroxidase-conjugated antiserum (Dako, Glostrup, Denmark), diluted 1 in 100 in PBS with BSA 0.5% and normal mouse serum 10% for 30 min. After rinsing in PBS (3 X 10 min), sections were stained for peroxidase activity with 3,3 '-diaminobenzidine-tetra-hydrochloride (Sigma, St Louis, MO, USA) in 0.05 M Tris-HC1 (pH 7.6) containing freshly added Hz02 0.01% [24] . After the slides had been washed in PBS, they were lightly counter-stained with haematoxylin, dehydrated and mounted in Entellan (Merck, Darmstadt, Germany). Control slides were incubated in PBS with BSA 0.5% in the first step, instead of the first specific antibody, and examined for non-specific staining. Sections of the spleen were included on every slide as a positive control. Consecutive sections were stained with MAbs RA3-6B2, 59-AD-22, MOMA-2, M5.114 and NLDC-145. RA3-6B2 recognises B220 on B cells [25] , 59-AD-22 recognises Thy-1 on T cells [26] , MOMA-2 is a pan-macrophage marker [27] , M5.114 recognises MHC class 11 [28] and NLDC-145 recognises dendritic cells [29] . These MAbs were raised in this laboratory. Neutrophils were detected by endogenous peroxidase staining.
Quantification and statistical analysis
Fisher's test was used to compare the proportion of infected mice in groups 2 and 3 ( Table 1 ). The number of neutrophils present in the stomach was quantified by counting eight microscopic fields (X200). Selection of microscopic fields was done by random assignment in three sections. Numbers of macrophages were increased in oedematous areas and six microscopic fields in these areas (X400) were counted. When no oedematous areas were present, fields were chosen by random assignment. Positive cells could be discriminated from the homogeneous relatively colourless background. All data are expressed as median and range. Statistical significance of differences was evaluated with the non-parametric Mann-Whitney U test. Statistical significance was defined as p < 0.05.
Results
Colonisation of the mouse stomach with H. pylori
As expected, no H. pylori could be detected after oral treatment with acetic acid (Table 1) . After administration of a combination of acetic acid and H. pylori (group 2) the stomachs of 5 of 10 mice were positive for H. pylori by culture on day 5. On day 12 the number of H. pylori-positive mice decreased to 2 of 10 animals. In group 3, which received no treatment with acetic acid preceding inoculation with H. pylori, on day 5 all mice were positive for H. pylori and cultures from four of six mice still were positive on day 12 after initial inoculation.
General observations
Except for the control group, slight hyperaemia was observed in several animals of all groups, but no major macroscopical damage was found in any of these groups. Microscopically, no lesions could be found in the epithelial cells and gland architecture appeared to be normal. However, oedematous areas were found at all time points in both acetic acid-and acetic acid plus H. pylori-treated mice. In mice inoculated with H. pylori alone, oedema was observed only on days 8 and 12. The oedematous areas were found between mucosa and submucosa in the glandular and non-glandular parts of the stomach (Fig. 1) .
Immunohistochemistry
On day 5 a significant increase in neutrophils was observed in the subglandular region of the stomachs of mice treated with acetic acid and acetic acid plus H. pylori, as compared with untreated healthy control mice (Fig. 2) . On days 8 and 12 the number of neutrophils was still increased in mice treated with acetic acid plus H. pylori, whereas in the group treated with acetic acid alone the number of neutrophils had decreased to levels not significantly higher than in the controls. In mice inoculated with H. pylori alone there was a slight, but not significant increase in neutrophils on days 8 and 12, and there was a greater variation in the number of neutrophils.
Increased numbers of MOMA-2-positive macrophages were found in oedematous areas of the stomach (Fig.  1) . On day 5 an increased number of macrophages was found only in mice treated with acetic acid plus H. pylori (Fig. 3) . On day 8 both the acetic acid-and acetic acid plus H. pylori-treated mice showed increased numbers of macrophages. In the latter group this number was still increased on day 12, whereas in the former group the number had declined. The H. pylori-treated mice showed no increase in macrophages, but a large variation in the number of macrophages in individual mice was also seen on days 5 and 8.
In control and acetic acid-treated mice a small number of Thy-I-positive T cells were always present in the lamina propria and at the base of the glands, whereas no B220-positive B cells were detected at any time point.
However, in mice colonised by H. pylori in the acetic acid plus H. pylori-treated group, small accumulations of lymphoid cells were detected in one or two mice at each time point. Also, lymphocyte accumulation was observed in colonised mice in the H. pylori-treated group, although this was not seen until day 8 accumulations consisted in particular of small B lymphocytes with a few T lymphocytes intermingled, without plasma cells or macrophages (Fig. 4) . The accumulations were located in the corpus part of the stomach and were not found in controls or mice treated with acetic acid alone.
NLDC-145-positive dendritic cells were not present in any part of the stomach of control mice nor in the stomachs of mice treated with acetic acid of H. pylori, or both. MHC class I1 expression was seen on a few epithelial cells on top of the glands and at the base of the glands, but was neither increased nor decreased in any of the groups.
Discussion
The present study investigated the cellular response of gastric mucosa to a chemical stimulus, i.e., acetic acid, and the response to H. pylori infection. In addition, the influence of a chemically induced gastritis on the infection rate by H. pylori was studied. Acetic acidinduced gastritis had no significant effect on colonisation by H. pylori. This was unexpected, because in gerbils pre-existent ulcers caused by indomethacin correlated with enhanced colonisation by H. pylori [ 191. Apparently a mild pre-existent inflammation does not lead to increased infection rates after inoculation with H. pylori, but rather induces a slight but not significant reduction in colonisation. Administration of acetic acid in the colon of the rat results in short-lived damage to the epithelium and an increased permeability of the mucosa, which is not a result of decrease in pH [30] . Five days after administration of acetic acid in mice, no epithelial damage was visible in the groups treated with acetic acid and acetic acid plus H. pylori, which implies that if any damage had occurred, it was already healed by this time. The lack of epithelial damage after the first week of colonisation with H. pylori is consistent with the findings of Cellini et al. [13] and Marchetti et al. [14] , who described the Inoculation with H. pylori in mice pre-treated with acetic acid resulted in colonisation of 50% of the mice on day 5. However, no difference in the number of neutrophils and macrophages was observed between colonised and non-colonised mice. It would seem that two brief exposures to the bacterial antigens were sufficient to stimulate these inflammatory cells.
The normal human stomach mucosa is devoid of organised lymphoid tissue, as it is in mice. Organised lymphoid aggregates appear in association with chronic H. pylori infection. The observation of regression of B-cell gastric lymphoma after eradication of H. pylori supports the idea that the development of organised lymphoid tissue in the stomach is antigen driven [36] . Remarkably, in several of the mice treated with H. pylori with or without preceding acetic acid treatment, small accumulations of B and T cells were already present in the mucosa on day 5 after the initial inoculation. No plasma cells or macrophages were observed in these accumulations, which suggests that they were primary follicles. The appearance of these early accumulations was clearly related to H. pylori, as they were never observed in mice that had no H. pylori in culture, including the untreated control mice and the mice that received acetic acid alone.
The presence of lymphoid follicles has been described in man [37] and experimental H. pylori [38] infection or infection with H. pylori-related species [9-121 in animals. However, those studies emphasised the chronic stages of inflammation. Lymphoid follicles with germinal centre formation are described from at least several weeks or even months after infection. An explanation for the early development of lymphoid accumulations in the present study might be the use of a cagA-expressing H. pylori strain. These strains are more potent inducers of an inflammatory response than strains that do not express cagA [ 141. Lymphoid aggregates are thought to be related to a chronic gastric mucosal infection. However, the early presence of accumulations of lymphocytes rather suggests that they already play a role in the onset of the inflammatory reaction. Whereas in the present study T and B cells were found intermingled in the early lymphoid follicles, distinct T and B cell areas had developed several weeks after H. felis infection [39] .
Whether the lymphoid aggregates in chronic gastric inflammation do resemble Peyer's patches and have a specialised follicle-associated epithelium remains to be established.
Taken together, these data illustrate that general acute inflammatory changes induced by a chemical agent such as acetic acid or by infection with H. pylori are different. Actual colonisation with H. pylori is a prerequisite for the activation of lymphocytes, suggested by the development of lymphoid follicles.
